for the three years during which these experiments were in progress. Year, station, and generation. 1911, 1911, 1912, 1912, 1911, 1911, 1912, 1912, 1911, 1911, 1912, 1912, Aug. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] furnish favorable conditions for plant growth as well as pupation and hibernation activities.
The condition of the experiment required that a certain routine be repeated each time, and some of the most ordinary methods follow. The rates of evaporation were obtained with the Livingston atmometers, which were cut down to a cone of 50 mm. in length to avoid an error introduced by having shellacked bases. These were standardized on the rotating machine in the Genetics Laboratory at Chicago, and showed after standardization a maximum range of 3 per cent from the normal. The dry weights of the insects were obtained as follows first by killing them in potassium cyanide, and desiccating them at a constant temperature in a vacuum over concentrated sulphuric acid until the dry weights became approximately constant. The soil samples when collected were placed in glass-stoppered weighing-bottles and carried to the laboratory, where they were weighed and dried at a constant temperature of 100°C . The tropic reactions were tested in the constant-temperature room (18°to 20°C .) and the beetles were exposed in wire-netting tubes (30 cm. long and 5 cm. in diameter). All geotropic reactions were tested in the dark, and if the animals crawled to the top of the tube when held in a vertical position they were considered positive, and if they moved to the bottom of the tube, negative. The phototropic reactions were tested with an ordinary 32 c. p. electric lamp in a constant-temperature room. If the organisms crawled toward the direct rays of light when the tube was in a horizontal plane they were recorded as positive and if they moved away from the source of light as negative.
ROLE OF WATER IN THE REPRODUCTIVE ACTIVITY.
A striking fact that one observes in desert biology is that a remarkable degree of coincidence is shown between the rainy season and the reproductive period of the animals native to such a region. Corresponding periods of inactivity for such organisms occur during the dry season. In studying this problem. Tower (1906) Kammer's (1907) experiments show that Salamandra {maculosa and atra) can be induced in varying ways to lay their eggs, depending in part upon the moisture relation. Jacobs (1909) states for the rotifer PJiilodina rosela:
" The period of maximum egg-production had been preceded by a period of desiccation and furthermore, that each desiccation for any length of time has been followed by an increase in the reproductive activity." Hennings (1907) Hawkins (1910) , the purpose of this wet sand being to keep the organisms within the tubes at a uniform temperature, a result attained through rapid evaporation of watervapor from the surface of the soil.
The desired differences in soil-moisture were produced in the above tubes in the following manner: In one tube were placed two porous soil-cups, which gave the soil a high water-content; in the second one, however, a small porous soil-cup was placed, which kept the soil within at a lower moisture than in the former ; and in the third, no soil-cup was employed, thus keeping the soil dry. It was thus possible to obtain differences in soil moisture with other conditions approximately uniform. But to make certain that the above apparatus produced the desired results, determinations of soil-moisture within these tubes were made every second day throughout the experiment. These data are tabulated in Table 3 Livingston (1910) This is especially true of plants, the water-relations of which have been studied by Livingston (1906) , Lloyd (1912) , MacDougal (1912) , Renner (1910, 1911) , and other plant physiologists. The results of Livingston (1906) are of interest in this connection, since they show that there is a close relation between the daily march of evaporation, as measured by the atmometer, and transpiration in plants. (1911, 1912) , and these results have been substantiated by Shelford (1914 a, h) and his students, Weese (1917) , Hamilton (1917) , and Chenoweth (1917 showed an average of less than 4 per cent water of their dry weights. This was during the dry season, when no beetles had emerged from hibernation up to the above date, but on July 1, the day following, 0.98 inch of rain fell; 73 beetles emerged on July 3, and by July 3 eggs were laid. This sharp response in behavior must be attributed to the water-content of the soil, for the beetles emerged immediately after the first rain and oviposition took place within 48 hours. The insects of the surrounding desert showed a similar response, inasmuch as the adobe soil held them imprisoned until the first rain, which raised their water-content and softened the soil so that emergence of immense numbers occurred.
The following experiment was performed to show the relation of physical composition of soils to mortality during hibernation. Three hibernating cages were prepared containing soils, one was composed of sand, another of adobe, and a third of equal parts of sand and adobe. On October 1, 500 hibernating adults were caused to hibernate artificially in each tube by placing the insects at a depth of 40 cm. in the soil, and the soil within each tube was kept slightly moist until late in October; they were then allowed to remain out-of-doors under natural conditions during the winter until May 1, when water was added to each cage. On May 3, 363 adults emerged from the soil mixture, 251 from the adobe, but none from the sand. On May 5, the soil of each cage was sifted, when it was found that all in the pure sand were dead but that only 27 in the adobe and 23 in the soil mixture had succumbed. It appeared, then, that there was a relation between soil composition and mortality during hibernation, for the sand permitted excessive desiccation to occur, the adobe and mixed soils did not admit of great desiccation, but most individuals were hibernated successfully in the mixture of equal parts of adobe and sand.
EMERGENCE FROM HIBERNATION.
The physiological complex of emerging beetles was next considered in reference to two phases of the problem. In one case the reactions of hibernating beetles caused to emerge by applying water to the soil were determined, and in the other the reactions of similar adults, in which emergence was produced by sifting the soil, were tested. In the first experiment hibernating beetles (Tucson A, g. II) were encouraged to emerge by applying water on June 1, when they were removed to the constant-temperature room ; their reactions were found to be positive to light, but negative to gravity. The light response was further tested by placing 5 beetles in each of 10 test-tubes and each tube was placed so that one-half of it was in the shade of the laboratory roof and the other half in direct sunlight. The beetles all oriented and moved out into the sunlight at the end of each tube, where they remained, and in a few minutes were dead.
The air-temperature in the exposed ends of the tubes was 57°C . In this experiment the organisms reacted to sunlight and the suggestion that possibly the red or blue rays might have influenced this result led to the next test.
Of 50 When the animals were placed in a humidor at 10 a. m, on June 22, they weighed 1.3057 grams, having absorbed 0.1484 gram of water from the moist chamber; 10 of these beetles, when tested, were positive to light, but 2, which were inactive, died in a very short time after the experiment. The 10 adults were also negative to gravity, for when placed in the constant-temperature darkroom, all crawled to the top of the cylindrical wire-netting tube. These experiments showed that positive phototropic and negative geotropic reactions were induced in hibernating beetles by increasing the water-content of the surrounding medium, because the beetles under the moist bell-jar increased in weight and imbibed water directly from the moist air. It was also true that they absorbed water from the air in the soil. This relation was further shown in the following observations, which were made upon the emergence response.
The and Baker (1911) shows that snails during dry seasons form an epiphragm ; they usually bury themselves during hibernation and aestivation. On the other hand, Pearl (1901) finds that the terrestrial slug Agriolimax can hibernate in cold water.
In the vertebrates, Rulot (1901) determines for the bat that the proportion of water increases during hibernation from November to April; but there actually was a loss of water, more in proportion at the end than at the beginning. Polimanti (1904) finds that an increase in humidity increases the pounds in a marmot during hibernation.
In conclusion, the work of Sanderson (1908) (1917) finds that food is a factor in the reversal of the behavior to gravity in Planaria maculata. Adams (1903) Cole (1917) finds that the response to gravity is much less marked in flying than in creeping, where it is very definite.
Many animals orient in the field in relation to the center of gravity of the earth.
Loeb (1905) There is a vast amount of literature dealing upon reversibility in phototropism through chemical agencies. Loeb (1893 and proves that it was possible to reverse the reactions of a large number of water forms through chemicals such as salts, acids, and the like. According to Moore (1912a Moore ( , 1912&, and 1913 Bachmetjew (1902) shows that the temperature of the insect's body varied with the conditions, namely, moisture, temperature, and the like. If the air was damp, the body-temperature was higher than that of the surrounding medium, since no evaporation occurred; but if the air was dry it cooled through evaporation.
He also pointed out that the smaller the percentage of fluids in a unit of the living insect body, the lower was the normal congealing-point of the fluids.
Tower (1906) In studying longevity in insects, Baumberger (1914) The results of Livingston (1903) show for Spirogyra that a cell loses water when the temperature is lowered. In discussing the reversal in animal instincts, Loeb (1900) concludes that a decrease in temperature has the same physiological effects as a loss of water.
METABOLISM AND THE WATER-RELATION.
The results of various workers show that desiccation modifies the rate of metabolism; thus, the alterations in the behavior of the potato beetle may be due to differences in metabolic activity, brought about through combined relations of water and temperature of the organism. Shelford (1913) states that the changes in activity of the animals used in his experiments were due to the withdrawal of water.
It is known that anything which disturbs the rate of metabolism in an animal alters its response to a stimulus, and that reversed reactions in behavior are caused by changes in this metabolic process. According to Jennings (1904) , Child (1910) , Wodsedalek (1911) , Allee (1913) , Phipps (1915) , and others a stimulus may change the physiological state of an animal, which produces a modified type of reaction. Many depressing agents are also known, such as potassium cyanide, chloretone, and a low oxygen content. Baumberger (1914) shows that starvation is an agent of this character, since it decreases metabolism by removing material to be oxidized. Loeb (1906) , Mast (1911 ), Shelford (1914 , and others further demonstrate that acids and alkalis increase irri-tability.
The results of Shelford (1914) and of Chenoweth (1917) Livingston (1903) , it is absolutely essential that every living mass of protoplasm be saturated with water, since vital phenomena occur solely in aqueous solutions.
Physiologists have long recognized that water is of the greatest importance for normal activity of tissues and that all exchanges of material, all supplies of food, and metabolic processes in general are dependent upon it. Aberhalden and Hall (1908) assert that water is absolutely necessary as a solvent for numerous compounds, for it brings into play various chemical reactions, which take part in building up and breaking down substances without number ; it is also a carrier of nourishment to the body and provides the means for the removal of its waste products. In discussing the physical importance of water, Hammarsten and Mendel (1911) show that water by its evaporation is an important regulator of temperature. Davenport (1897) states that growth is due chiefly to imbibed water, and Estabrook (1910) also demonstrates that growth in paramcecium is due almost solely to inhibition of water. MacDougal (1912) , Lloyd (1905) , and others demonstrated that many plants absorb water directly from the air. In respect to this subject, in animals the frog has perhaps received most attention, and according to Hill (1908) ( 1 ) The optimum breeding activity of this insect coincides with the highest water-content of the atmosphere, since periods of oviposition are exactly concurrent with those of rain and low rates of evaporation.
(2) Differences in soil-moisture produce alterations in the water-content of these animals which modify their behavior, since beetles will lay their eggs sooner if they emerge from a soil of high moisture-content than if they issue from a dry soil.
(3) Egg-production is also modified by differences in the evaporating power of the air which surrounds these insects, since a low rate of evaporation encourages oviposition. BIBLIOGRAPHY.
